INTRODUCTION
With the advent of high-bandwidth wireless networks and pervasive computing, the space and platform barriers for visualization are being broken. We use the term "pervasive visualization" to refer to visualization using mobile devices in a pervasive computing environment.
In this poster, we investigate how to achieve visualization in a pervasive visualization environment, especially on new platforms such as PDAs, cell phones, and other mobile devices that have very limited resources and usually are not considered appropriate platforms for visualization. We will use a clinic application as an example and our target application. In this system, patient data, such as CT and MRI, are stored in a central server in the hospital and physicians can access these data using a cell phone for a quick preview, a pocket PC or laptop for some initial diagnosis, and a powerful workstation for any further diagnosis.
We introduce a new data model, PSALM (Progressively transferable, Selectively refinable, Adaptive, Level-of-detail Model), which is tailored for pervasive visualization. To handle the different capacities of mobile devices, we introduce a highly adaptive hybrid hierarchical structure which integrates points, meshes, and volumes. During the visualization process, the type and size of models to be transmitted will match the network bandwidth and the CPU and GPU capacities of clients (see Figure 1) . We proposed two new methods, based on JBIG2 and PNG (or JPEG) respectively, to compress iso-surfaces extracted from volumes. We further introduce several new visualization techniques to explore features in volume data on mobile devices with small display screens. Our model and compression methods support both progressive and selective transmission. 
PSALM Progressively

PSALM REPRESENTATION
Because of the limited resources in some mobile devices, transmitting the whole volume and visualizing it using direct volume rendering is not efficient, if not practical. Thus, we believe that precomputing some iso-surfaces and automatically generating some transfer functions in the server side as a preprocessing is a practical solution for pervasive visualization. The red voxels in the occupancy image represent special voxels whose sign value cannot be decidedly immediately from the occupancy image. The signs for all these special voxels are stored along scanline into a sign bit stream whose size is usually very small. The sign image can be computed from the occupancy image and the signs for these special voxels.
Iso-Surface Representation
For mobile devices without dedicated graphics card, the iso-meshes extracted using Marching Cubes or SurfaceNets may not be rendered efficiently. In this case, point-based rendering is a better choice because point-based models are more compact and can be rendered more efficiently using pure software [1] . We propose two ways to represent an iso-surface: using a sign image and using an occupancy image (See Figure 2) . Previous work [2, 3] on isosurface compression usually used sign images. The occupancy image here is a better representation of the iso-surface for point-based rendering, which can be easily implemented on mobile devices. To compute the occupancy image, for each cell, we collect the eight voxels of this cell; if these voxels have different signs, then the iso-surface passes through this cell or this cell is occupied by an iso-point. But if a geometry representation is needed for mobile devices with graphics cards, we may still need the sign image to decide the connectivity information. We designed a novel algorithm which can extract the sign image from the occupancy image with a little bit extra information (See Figure 2) . Two compression methods of occupancy images based on JBIG2 for bi-level occupancy images and PNG (or JPEG) for 6 depth images are proposed and compared. Our JBIG-based compression approach is very similar to previous methods [2, 3] , but with support for both progressive and selective transmission, which are critically important for pervasive visualization. In order to achieve selective transmission, we divide occupancy images into N 3 blocks. Then each block is compressed and transmitted separately. One major problem of iso-surface compression using JBIG2 is to design the context to take advantage of the slice-to-slice coherence. The compression rate highly depends on the chosen context. However, the context usually depends on application and it takes many trial-and-errors to find a good one. We propose another method to solve this problem by projecting the slice-to-slice coherence into six gray-scale depth images. Figure 3 shows our method. Our method is to use six depth images to represent the iso-surface. For each volume, we project the depth of the first occupied cells onto each of the six bounding surfaces. Then we get six gray-scale depth images, which can then be compressed using standard gray-scale image compression methods such as PNG and JPEG. 
VISUALIZATION TECHNIQUES
Once the first few packets of the data have been received at the client side, the visualization process can start immediately. The display screens for many mobile devices are pretty small (about 320 × 280). To visualize data on such a small screen is more challenging and needs sophisticated interaction techniques. Because users can pick up a region of interest and zoom in, it is possible that there are different resolutions coexisting in the final image. It is desirable that users are aware of the relative resolution of each part of the model. We investigated three strategies to represent the levels of resolution in the final image: using different colors; using different primitives; and using fuzziness and other non-photorealistic rendering techniques. We found that all these methods have their advantages and disadvantages (See Figure 4) . But combining these three strategies can provide users a clear clue of the levels of resolution in an image.
EXPERIMENTAL RESULTS
We have tested our data model, compression methods, and visualization techniques with some real data and get the following two major observations: 1. The size of the connectivity information represented by the sign bit stream is relatively small compared with that of the sign image or occupancy image. Therefore, it is an effective way to divide the geometry of an isosurface into an occupancy image part and a sign bit stream part. 2. PNG or JPEG can generate better compression rate than arithmetic coding for volumes as a whole in most cases. However, after the volume is divided into blocks, the performance of the PNG or JPEG methods quickly degrades. Figure 5 shows a pervasive visualization process.
CONCLUSIONS AND FUTURE WORK
In this poster, we investigated pervasive visualization and presented our data model, PSALM. We demonstrated that the sign image for an iso-surface in a volume can be computed from the corresponding occupancy image with a little bit extra information. Based on this, we proposed a hybrid point and mesh representation for isosurfaces, which is adaptive for heterogeneous clients. We proposed and compared two compression methods based on arithmetic coding and PNG or JPEG for occupancy images. We investigated the impact of progressive and selective transmission on the compression method. We introduced several new visualization techniques for mobile devices with small display screens. In the future, we plan to test our model and techniques on some advanced cell phone models. In addition, we feel that the interaction techniques for mobile phones with small display screens are worth further study.
